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(54) Light source for modulation of clrcadlan rhythms 



(57) A light source is described that can be used to 
adjust or modulate human circadian rhythms and other 
photo-dependent body mechanisms. The light produces 
light containing spectral components having wave- 
lengths distributed throughout the visible spectrum so 
as to be perceived by the human eye to be substantially 
white light. The energy of the light emitted by the source 



within an anomalous waveband around a wavelength of 
460nm differs significantly from the energy emitted by 
the source in any other waveband of equal width to en- 
hance or suppress the modulation by the light source of 
human circadian rhythms. 



<X> 

r- 
co 
to 
oo 

CM 



LU 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 285 676 A2 



2 



Description 

Field of the invention 

[0001] The present invention relates to the use of par- 
ticular light sources to adjust human body mechanisms. 

Background of the invention 

[0002] It has long been known that an internal body 
clock, the body's circadian rhythm, controls the timing 
and intensity of human physiological functions such as 
eating, sleeping, etc. While the circadian effect is innate, 
it is normally entrained to the daylight/night-time cycle 
and can be modulated by timed exposure to bright light. 
[0003] It is also known that light can be used in the 
treatment of certain conditions. US-A-4,444,190 dis- 
closes a device for phototherapeutic treatment of hyper- 
bilirubinemia. The latter patent teaches that it is benefi- 
cial to concentrate the radiation in the range of 460 to 
480nm. 

[0004] GB 2,333,962 teaches modulating the circadi- 
an rhythm by exposing a non-ocular region of the body 
to light. For such extra-ocular stimulation W098/51372 
teaches that light in the blue-green range of the spec- 
trum (455-540nm) is preferred. 

Object of the invention 

[0005] The present invention is predicated on the dis- 
covery that particular wavebands of visible light are 
more effective in affecting or modulating circadian ef- 
fects and other photo-dependent human body mecha- 
nisms and seeks to provide light sources that make 
practical use of this discovery. 

Summary of the invention 

[0006] According to one aspect of the present inven- 
tion there is provided a light source for producing light 
containing spectral components having wavelengths 
distributed throughout the visible spectrum so as to be 
perceived by the human eye to be substantially white 
light or daylight, characterised in that the energy of the 
light emitted by the source within an anomalous band 
around a wavelength of 460nm differs significantly from 
the energy emitted by the source in any other band of 
equal width. 

[0007] The advantage of the light source of the 
present invention is that it emits what passes for white 
light or natural daylight, which is generally more com- 
fortable on the eyes and does not interfere with the per- 
ception of colour. Nevertheless the important waveband 
around 460nm, which is believed to be the vital wave- 
band for affecting the circadian rhythm, is modified from 
normal white light to enhance or suppress stimulation of 
the body's circadian rhythm. 

[0008] In one embodiment of the invention, the energy 



of the light emitted within the anomalous waveband is 
significantly greater than the energy emitted by the 
source in any other waveband of equal width. Such a 
light source can be used to assist in resetting the body 

s clock and has an enhanced effect on the circadian 
rhythm as compared with a conventional source of white 
light of the same light output power. 
[0009] In an alternative embodiment of the invention, 
the energy of the light emitted within the anomalous 

10 waveband is significantly less that the energy emitted 
by the source in any other waveband of equal width. In 
this case, the light source can switched on while mini- 
mising the disturbance to the circadian rhythm. Patients 
in intensive care may need to be illuminated during the 

15 night so that they may be monitored. By using a light 
source from which emissions in the waveband around 
460nm are suppressed, it is possible to minimise the dis- 
turbance to the patients body clock when switching the 
light on. 

20 [0010] The waveband within which enhancement of 
light energy is most effective is 440 to 480nm. However, 
it is known that excessive exposure to blue light may 
induce short term visual deterioration or even more per- 
manent damage. In order to reduce so-called "blue light 

25 hazard", the waveband of the light source in which light 
emission is enhanced is preferably concentrated in the 
range of 455 to 480nm. A particularly effective wave- 
band is 459 to 464nn. 

[0011] It will be appreciated that these wavelengths 

30 cannot be considered as rigid limits, since there is rarely 
a sharp cut-off in the spectral distribution. 
[0012] Depending on the intensity and duration of ex- 
posure, it may be advisable to filter or weight the lower 
wavelengths to reduce blue light hazard, in accordance 

35 with the Commission International de I'Eclairage con- 
sensus formula or other published standards. 
[0013] The conventional wisdom is that artificial light 
levels in excess of 2500 lux, normally up to 10000 lux, 
are required to achieve a circadian effect. Using the 

40 present invention, it is possible to affect or modulate cir- 
cadian effects and other photo-dependent human body 
mechanisms while using light sources where the overall 
level of illumination is substantially below 1200 lux. For 
example, significant circadian effects may be achieved 

45 or generated by timed application of 1 00x1 0 12 photons. 
cnr 2 .s- 1 in the 459 to 464nm waveband, corresponding 
to greater than 90% reduction in light level. 
[0014] Preferred light energy for enhancing modula- 
tion of the circadian rhythm in the selected wavebands 

so is 20x1 0 12 to 100x10 12 photons.cm- 2 .s- 1 . 

[001 5] A particular application of the present invention 
is in alleviation of the temporal and physiological diso- 
rientation associated with rapid transit across several 
time zones ("jet lag") or consequent upon a work or ac- 

55 tivity pattern outside normal daytime hours. In such cas- 
es, the body's circadian rhythms are adjusted by expo- 
sure to sufficient light in the selected waveband at ap- 
propriate times and in appropriate duration/intensity 
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combinations, in accordance with a predetermined pro- 
gramme. Another application of the present invention is 
in the alleviation of sleep disorders. 
[0016] Many conventional phototherapy methods 
comprise alternation of light and dark cycles according 
to a predetermined programme. A light source in which 
the 460nm waveband is suppressed can be used to pro- 
vide illumination during the "dark" cycle of such a pro- 
gramme. Conveniently, the light energy emitted by such 
a source at wavelengths below 480nm or at least in the 
range between 440nm and 480nm does not exceed 
1x10 12 photons.cm- 2 .s" 1 . 

[0017] In these and other cases, the pre-determined 
light application and/or avoidance cycle may be modu- 
lated according to a measured physiological state of the 
subject recipient, in particular the timing or occurrence 
of body minimum temperature or variations in resting 
blood pressure. Another physiological state that may be 
measured is the level of circulating melatonin and, in 
particular, the established phenomenon of "dim light me- 
latonin onset". The predetermined programme, and par- 
ticularly the timing of selected cycles, is varied in a man- 
ner directly or indirectly connected with variations in 
such physiological states. 

[0018] The above applications are believed to involve 
adjustment or synchronisation of circadian effects, but 
the present invention is equally applicable to other pho- 
to-dependent body mechanisms not directly linked to 
the circadian (daily) cycle. For example, exposure to cy- 
cles of bright light is commonly used to reduce or alle- 
viate depressive or quasi-depressive syndromes and af- 
fective disorders, and particularly Seasonal Affective 
Disorder (S.A.D.). Phototherapy may help to alleviate 
some of the effects of degenerative conditions and de- 
mentias such as Alzheimer's. 
[0019] The required distribution of the radiation within 
the visible spectrum may be achieved by combining light 
from different light sources having different spectral dis- 
tributions and/or by filtering light from one or more sourc- 
es through suitable filters such as dichroic filters. 
[0020] The individual sources used to generate the 
light may be one or more chosen from the group com- 
prising fluorescent tubes where the tube phosphors are 
suitably selected to emit or not to emit light in the select- 
ed waveband, integrated circuit or semiconductor emit- 
ters such as a light emitting diodes, and incandescent 
bulbs, especially halogen or krypton bulbs. 
[0021] The light source may be stand-alone or incor- 
porated into a lamp or luminaire. 
[0022] For many applications, a light source accord- 
ing to the present invention may be substituted in exist- 
ing products such as light boxes, lamps or visors. An 
advantage of incorporating a light source according to 
the present invention in a luminaire, is that the luminaire 
may additionally include conventional light sources the 
light from which is differently directed. In this way, light 
from the source of the invention may be directed to- 
wards an intended recipient while the general illumina- 



tion from the conventional light source is directed else- 
where at a different, for example lower, intensity. 
[0023] Instead of being free-standing, a light source 
according to the present invention may be mounted on 

5 a human body, for example incorporated into head-worn 
devices such as goggles or a visor. 
[0024] The output of a light source according to the 
present invention may be directed extraocularly and es- 
pecially to blood vessels in or subjacent to the skin. Pat- 

io ent Application No. GB 2 333 962 A dated 4 February 
1999 describes and claims a method and means of ad- 
justing the circadian rhythms of a human body by the 
application of light, extraocularly, to one or more areas 
of the body surface, at appropriate times and for appro- 

<5 priate periods, in accordance with a predeterminable 
programme. A light source according to the present in- 
vention may be used in implementing the invention in 
that Patent Application. As described therein, the light 
source may be associated with positioning means to lo- 

'0 cate the source over blood vessels in or subjacent to the 
skin. 

[0025] A light source of the present invention may be 
switched or controlled in known manner. In particular, 
the output waveband and/or intensity may be varied, ei- 

5 ther manually or in accordance with a predetermined 
programme. Similarly, the light source may be switched 
on and off at particular times and the duration, intensity 
and/or waveband of illumination varied in accordance 
with a predetermined sequence. As is already known, 

o phototherapy programmes may employ cycles of any 
chosen period and are not limited to 24 hours. 
[0026] An advantage of the combination of a light 
source according to the present invention with other 
lamps, as discussed above, is the possibility of the two 

5 systems being switched or controlled independently of 
each other. A luminaire incorporating at least one addi- 
tional light source may direct the light output from a light 
source or sources according to the present invention to- 
wards an intended recipient while the additional light 

") source or sources provide general illumination of the 
whole or part of the surroundings at times, intensity or 
wavelength independent of said directed output. For ex- 
ample, a single luminaire may direct sufficient light en- 
ergy with the desired spectral distribution directly to a 

> recipient while concurrently illuminating the surround- 
ings or a particular object such as a book with light or 
combinations of lights of different visual appearance 
and/or intensity. 

[0027] By use of appropriate combinations of control- 
' iers or programmers, a phototherapy programme may 
be provided concurrently with independent variation of 
overall or background illumination, for example to sim- 
ulate the natural variations in light levels and/or colour 
temperature over the course of a day. 
; [0028] As discussed above, there are situations 
where it is desirable or necessary to exclude light within 
the 460nm waveband. For example, it is believed that 
sleep cycles are affected by levels of circulating mela- 
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tonin and that melatonin production is suppressed by 
light of sufficient intensity. A lamp or luminaire may be 
adapted to provide sufficient white light illumination 
while avoiding exposure of a recipient to light of a wave- 
length shorter than 480nm, or at least light in the range 
from 440nm to 480nm, when such exposure is inappro- 
priate. Night staff in a hospital could see to work without 
disturbing patients' sleep cycles. 
[0029] Shift workers or air pilots may continue to op- 
erate while avoiding selected wavelengths at inappro- 
priate times in a particular light/dark cycle. 
[0030] In association with appropriate time sequenc- 
es or controllers, such results can be achieved by em- 
ploying a light source substantially excluding light output 
at wavelengths shorter than 480nm (or at least wave- 
lengths between 440nm and 480nm) or by filtering such 
wavelengths from conventional light sources or natural 
daylight. 

[0031] It should be mentioned that the research on 
which the present invention is based analysed the spec- 
tral distribution of the light impacting the retina of the 
eye. Having regard to the fact that the transmission of 
light may be affected by the fluids within the eye, the 
centre of the anomalous waveband of the light emitted 
by the light source may need to be shifted slightly from 
460nm to optimise ocular modulation of circadian 
rhythms. 



Claims 

1 . A light source for producing light containing spectral 
components having wavelengths distributed 
throughout the visible spectrum so as to be per- 
ceived by the human eye to be substantially white 
light, characterised in that the energy of the light 
emitted by the source within an anomalous wave- 
band around a wavelength of 460nm differs signifi- 
cantly from the energy emitted by the source in any 
other waveband of equal width. 

2. A light source as claimed in claim 1, wherein the 
energy of the light emitted within the anomalous 
waveband is significantly greater than the energy 
emitted by the source in any other waveband of 
equal width. 

3. A light source as claimed in claim 1, wherein the 
energy of the light emitted within the anomalous 
waveband is significantly less that the energy emit- 
ted by the source in any other waveband of equal 
width. 

4. A light source as claimed in any preceding claim, 
wherein the anomalous waveband is from 455 to 
480nm. 

5. A light source as claimed in claim 4, wherein the 



anomalous waveband is from 459 to 464nm. 

6. A light source as claimed in any preceding claim, 
which includes one or more light sources selected 

s from the group comprising fluorescent tubes where- 
in the tube phosphors are suitably selected to emit 
or not to emit light in the selected waveband, inte- 
grated circuit or semiconductor emitters such as a 
light emitting diodes, and incandescent bulbs, es- 

10 pecially a halogen or krypton, bulbs. 

7. A light source as claimed in any preceding claim, 
further comprising an optical filter. 

15 8. A light source as claimed in claim 7, wherein the 
filter has a pass band or a suppression band that 
coincides with the anomalous waveband. 

9. A light source as claimed in any preceding claim, 
20 having means for mounting the light source on a hu- 
man body. 

10. A light source as claimed in any one of the preced- 
ing claims operative to direct light extraocularly to 

25 one or more areas of the body surface. 

11. A light source as claimed in any one of the preced- 
ing claims in combination with means for varying the 
intensity of the emitted light. 

30 

12. A light source as claimed in claim 1 1 , in combination 
with controlling or switching means for operating the 
light source in accordance with a predetermined 
programme. 

35 

13. A light source as claimed in claim 12, wherein the 
controlling or switching means include timing 
means capable of being programmed to provide 
light at appropriate times and in appropriate dura- 

40 tion/intensity combinations in accordance with a 
predetermined sequence. 

14. A light source as claimed in claim 12 or 13, in com- 
bination with means for monitoring a physiological 

15 state of an intended recipient, wherein the control- 
ling means is adapted to alter at least one parame- 
ter of the light source or the application cycle in ac- 
cordance with such physiological state. 

50 15. A light source as claimed in claim 14, wherein said 
physiological state is the body minimum tempera- 
ture or the dim light melatonin onset. 

16. A luminaire incorporating a first light source as 
55 claimed in any preceding claim for illuminating an 
intended recipient and further comprising a differ- 
ently directed additional light source to provide am- 
bient illumination. 



17. A luminaire as claimed in claim 16, wherein the first 
light source and the additional light source are 
switchable or controllable independently of each 
other. 
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